Two recent papers reported identification of a long-sought agrin coreceptor, Lrp4 (Kim et al. in Cell and Zhang et al. in Neuron) . In this issue of Neuron, Linnoila et al. report the identification of a new player in the agrin-MuSK pathway, Tid1, which directly interacts with MuSK and is responsible for transducing signals from MuSK activation to AChR clustering, culminating in cross-linking to the subsynaptic cytoskeleton. These papers substantially reshape the agrin-MuSK-ACh hypothesis of neuromuscular synaptogenesis.
Neuromuscular synaptic function depends critically on the precise spatial apposition of presynaptic motor neuron acetylcholine release sites with highdensity clusters of acetylcholine receptors (AChRs) in the postsynaptic muscle fiber membrane. During neuromuscular synaptogenesis, AChRs are clustered before innervation, prepatterning a central muscle region where synapses will later be established. Motor neuron signals refine the muscle prepattern by clustering AChRs beneath terminals and dispersing uninnervated clusters so that AChRs become localized to, and are stably maintained at, nascent synapses. Over the last 15 years, work from a number of groups has uncovered the basic signaling mechanisms that underlie these events. Muscle-specific kinase (MuSK), a receptor tyrosine kinase expressed by postsynaptic muscle fibers, is essential for the formation of aneural, prepatterned AChR clusters as well as for the formation and maintenance of later, innervated AChR clusters. The presynaptically released proteoglycan agrin is now more fully understood to be important as an anti-declustering, AChR cluster maintenance factor. A role for the neurotransmitter ACh as a cluster dispersion factor for noninnervated AChR clusters has also recently come to be appreciated.
While the agrin-MuSK-ACh hypothesis has been validated in vitro and in vivo using a wide variety of approaches, many questions remain unanswered. Our understanding of how MuSK itself becomes clustered in presumptive postsynaptic sites, how it induces aneural ''prepatterned'' AChR clusters in the absence of agrin, whether there are additional agrin coreceptors, whether there are additional MuSK ligands, and the identity and role of effectors downstream of MuSK activation that culminate in AChR interactions with the cytoskeleton, via the adaptor protein rapsyn, is incomplete. In three papers in recent issues of Cell and Neuron, the identity of an agrin coreceptor, lowdensity lipoprotein receptor-related protein 4 (Lrp4), that binds and clusters MuSK, is reported by Steve Burden's (Kim et al., 2008) and Lin Mei's labs, and the identity of a new effector downstream of MuSK, a mammalian homolog of Drosophila tumorous imaginal disks 1 (Tid1), is reported by the late Zuo-Zhong Wang's lab (Linnoila et al., 2008;  Figure 1) .
While a wealth of genetic evidence supports the agrin-MuSK-ACh hypothesis, evidence for a protein-protein interaction between agrin and MuSK has been lacking, suggesting that there are one or more agrin coreceptors that remain to be identified. Earlier work had proposed that an additional protein complex that directly bound agrin and was expressed specifically in muscle cells, called a myotube-associated specificity component (MASC), was required to constitute a fully functional receptor complex that both binds and responds to agrin (Glass et al., 1996) . Niswander and colleagues' observation of aberrant neuromuscular synapse formation in mice lacking Lrp4 expression (Weatherbee et al., 2006) provided an important clue. Lrp4 (also called MEGF7) is a member of the LDLR family and is involved in a number of processes, including signal transduction and receptor-mediated endocytosis. Mice lacking Lrp4 expression display neuromuscular synaptic defects strikingly similar to those present in mice lacking MuSK expression (DeChiara et al., 1996) , namely the absence of postsynaptic AChR clusters, extensive aberrant presynaptic branching, and reduced formation of presynaptic terminals. Prompted by this observation, Kim et al. and Zhang et al. asked (Okada et al., 2006) . Thus, it will be of interest to examine the stoichiometry of the Tid1-MuSK-Dok7 complex and the relative roles that each plays in AChR clustering. Tid1 contains a DnaJ domain, which binds to and activates heat shock cognate protein 70 (Hsp70), and an H121Q mutation in this domain abolishes its ability to rescue Tid1 knockdown phenotypes. This highlights a potential interaction with heat shock proteins, one of which, Hsp90b, has recently been implicated in AChR clustering . Tid1 activation could release Hsp70, disinhibiting small GTPases that in turn may modulate AChR-cytoskeleton interactions. Clearly, much interesting work remains to be done to fully understand the role of Tid1 in AChR clustering and cluster maintenance.
These three papers establish Lrp4 as an agrin coreceptor and Tid1 as an effector linking MuSK activation to AChR clustering. Now that the dogma has more dogs, it is even more clear that our newly expanded understanding still remains incomplete. Exploring the roles of Lrp4 and Tid1 in early MuSK clustering and activation prior to innervation, their roles in pre-and postsynaptic differentiation, and the possibility of additional MuSK ligands/activators will be fertile ground for future work. (Lin et al., 2005) . Thus, agrin-Lrp4-MuSK-Tid1 signaling results in the formation and maintenance of pre-and postsynaptic specializations, while ACh eliminates nonsynaptic AChR clusters that are remnants of the agrin-independent, MuSK-, Lrp4-, and Tid1-dependent prepattern, ultimately resulting in the spatial alignment of pre-and postsynaptic specializations that are required for neuromuscular synaptic function. Modified from Linnoila et al. (2008) .
In this issue of Neuron, Winkowski and Knudsen reveal striking parallels between the attentional systems of the barn owl and the rhesus macaque. The observation of close similarities between the attentional systems of such distantly related organisms strongly suggest that key computational principles are at work.
The discovery of parallels between the attentional systems of the barn owl and the rhesus macaque is profoundly interesting because amniotes, the common ancestors of macaque and owl, diverged during the Carboniferous period, some 300-360 million years ago. This divergence resulted in two major evolutionary lineages, the Synapsids, which eventually gave rise to mammals, and the Sauropsids, which eventually gave rise to birds. The experiments described in the Winkowski and Knudsen article (Winkowski and Knudsen, 2008 [this issue of Neuron]) were inspired, in part, by a series of elegant studies implicating the frontal eye field region (FEF) of the rhesus macaque in the control of spatial attention.
FEF, part of the frontal cortex, plays a key role in the control of eye movements. It forms a retinotopic map of visual space, with electrical stimulation of neurons at a given FEF site eliciting eye movements to a position in visual space known as the movement field (MF) of the stimulation site. Stimulating current can be reduced to a level just below the threshold current required to elicit an eye movement. This causes an improvement in perception at the MF location. The effect of stimulation is similar to what is observed with spatial attention: a reduction in the minimum luminance contrast at which the monkey can accurately discriminate a stimulus appearing at the movement field location (Moore and Fallah, 2001) . FEF projects both directly and indirectly to visual cortical areas involved in attentional selection, including visual area V4, an intermediate stage of processing within the ventral stream. Lesions of V4 markedly impair performance on attentiondemanding tasks (De Weerd et al., 1996) . Neurophysiological studies of V4 have found that when attention is directed to a stimulus within a V4 neuron's receptive field, this modulates the neuron's response so as to enhance processing of the attended stimulus while simultaneously suppressing neuronal responses to task-irrelevant distracters (Reynolds and Chelazzi, 2004) . Both of these forms of attentional modulation are observed under low levels of FEF stimulation (Moore and Armstrong, 2003; Armstrong et al., 2006) , suggesting that FEF modulates the circuitry within V4 to yield attentional selection.
The present study builds on earlier work from Winkowski and Knudsen that followed a similar logic (Winkowski and Knudsen, 2006) . They applied small amounts of electrical current to neurons in the arcopallial gaze fields (AGF), a premotor region in the owl's forebrain that is a possible homolog of mammalian FEF. As with FEF, AGF plays a central role in the control of gaze direction and mediates memory-guided saccades. As with FEF, AGF projects in parallel to the deep layers of the optic tectum (OT, the avian equivalent of the mammalian superior colliculus) as well as to saccade-generating premotor neurons in the brainstem. Consistent with this putative homology, Winkowski and Knudsen found that AGF stimulation increases the responses of downstream sensory neurons located in the deep layers of the OT. On the basis of these experiments, they concluded that owl AGF plays a role in attentional allocation that is similar to the role of FEF in the macaque.
In the present study, they take this parallel a major step forward by quantifying the effects of AGF stimulation while parametrically varying the auditory stimulus used to drive OT neurons. They find that AGF stimulation modulates OT neuronal responses in ways that closely parallel attentional modulation in the macaque and the human (Reynolds et al., 2000; Martinez-Trujillo and Treue, 2002; Li et al., 2008; Ekstrom et al., 2008) . The first of these primate studies was motivated by a relatively simple model of the circuitry
